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A consortium of national laboratories is

collaborating witn the Savannah River Plant to

dovolop an intoqratod system of state-of-tho-art

aondostructlvo assay (NDA) instrumentation to
provido nuclear materials accounting and procoss
control information for a now plutonium scrap
rosovory facility, Individual microcomputor-

based instrwnonts report assay results to ●n in-

strumrit control comput9r {ICC)! TtIo ICC, in

turn, is part of a larqer computer network that
includ~s computors that portorm procass control

and nuclear materials accounting functions. The

●xporionco 1ss d-vcloplnq th@ inteqrat~d NDA sys.

tom. tt.o dosiqn, and ttm testin9 .sro discussed.

I. ImRcmJcTIcm

A new plutonium scrap rocovory facility

has beers constructed at tho Savannah River
Plant (SRP), Los AiSM03 National Laboratory
collaborated with SR? to defino and d,ovolop an

Latoqr-tod syst~m O( modorn, automatod non-

dostructivo assay lNDA) Lnutrumentetlon that

wili provido nuclear mat.arkaks accounting and

procois mo~itorinq informatiurr to tho operators

Of this facility, T!ro qoal ks to prov~de an

●ccourrtability tystwn capable of draw~nq fro.
quont material balarrcos with minimum rcllanc~

on laboratory moasurtwmnts of Analytical sam-
plas.

This ~tata-cfr.ho art Lnit.rumont.at.ion has
boon dosiqned hnd rabricat,od by Los Alamos

Natlrrnal Laborat,r)ry, L8WrSnro Livafmor@ Nation.

al Laboratory (LK.tll#) , Mound Laborat,orias, And

Stvanrrah Rivar Laboratory, [,[>s 41amon serves
as syst~m. coortllnator, ,!omtlinknq the i!\di~J\dl]a\

components Into an lnr*qrhr.*A pd(.k,w~e with Fhe

10 NLA ins!.rumont.s r~p,~l?lnq to .* ,,anrr~l kn

strbm.nt rorrtrnl c,umphi?ar ([1(.), rho [:(:, 1n
!.urn, 1s tntmqra:,ad kilt,> 6 fa(’. lity romputer

network that lrrciudag ,]t, h~r ,,, jmput. ars tiadl,:At. cd

to procflss control and ItIIt, l*Ar ma~arials .SC

countinq Cunct,l( :,s, ma ‘)11*O ,.ump!it*rn ttlAt

composo Ftils n-fwf>rk have !llf!l’!\ta!l Clln, f L<),\*

but ●nchantie r*l*,JAnt 1,,? ,t!”.. bl, ,,$ , )>.,.,,..&. .

Diqital Cquipmont Corporation natwork (DECNET)

coawnunications link co optima=- the simultaneous

performance of all thrao functions. Tho into-

qratod syscom is illustrated schomaclcally irr

Fiq. 1! Tho datails of tho system dosiqn have

boon rcportod in pravious publications.1’2

T%. system has undorqono ●xtonsivo dovelop-
mont for moro than 3 years. Tho equipment has

boon shipped to and installed at SRP, Whan the

facility initiates plutonium procossirrq, Los

Alamos and tho othor national ltioratorles will

assist in porforminq tho initial calibration and

chock-out of all NDA instrurnantation, lmple-

montinq this intoqrattd system in a procoss en-
vironment roprosorsts a major stop in r~alizinq

tho Cull capabilltias of modarn NDA instrumenta-

tion.

[n dovolapinq such a syst~m. we ha,~!l

iearned many thinqs and have had to constantly
remind ourselves to (eep the system simple) it
is sufficiarrtly comp.lcated with 10 Instrment.s
workinq as ● system, This paper describes JJr

experlofico in developing such an inteqraced sys
t.em so that other facilities :onsidorinq suc”tr .3

system may benefit from t.tris expc!riencet

11, D8SIGIC CXITRRIA

. Modular A~proactsA

When the SRP personnel con:act.od us ,’~)~1
cerninq the development of such a ‘;y~t.emj W*
welcomed tho project because of its uniqlle :hal

Ienqet to build an lnteqrated system in AH

actual chemicel processlnq facillty. l~r?l:.~$l%e

Fhis ●xperience waa new, we could not an~i\’i~)!~*

all the pro blwms we miqht, *nrount, nr ~~r th - I im=

,Ievelopment. might requlro, W@ had .*ppfoKiln.+)1.1~

) y*ars to build aiid Aeveiop ~.he sys~mm, ‘;* .

*ral f) f the ttat.e uf.the.art. NDA sys~emw ~,!ll

/ years to develop and tes~. rho t iqh! qi.ht~~!,l}e
m..inrtat, orl t,hat only provnn F,e(!hnlquan ,Jr 111.f~l..

etrtlapolat.inrts of proven t.e(’hniqua% ,C]tbi! **

,iaerl, a nri t,hat, nS mu(!h I)C t he ~levall~~~mmt}~ I ~

pI)$iibl@ ~hould he I!{)IIQ iII parnll~l, r!tll t. :
. .
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Fig, 1, Datali desiqn of inteq!-ated Ni)A system for new piutoni,um scrap recovery f~cility,

possibla should b. done in parallel, Tablo 1- sumarisoc the so.leral phaaes of the pro]ect,

TABLE X

PROJECT PHASES

1. Conceptual desiqn study
28 Instrimorrt development and fabrication

3. Instrumorrt control computer
Q Specification

● Procurement

● Software development
4. System Lnteqration and testinq

5. Training

6, System delivery and ~natallation
1, (!!:&y calibration ~nd t.estinq

The best appro~ctl in organi:ln(f such a

iarqe pr~ject is r.o break tt. Lnt.o modules} Ln

this project each NDA instrument is con#ider*d
a modul~, A moduiar approach allowo all the NDA

lnsrrumen~s to ho developed kn parallel, which
saves va;enr14r time, fle!!ause four national iah

,oratai ~es are ptovidlnq !,he instrument%, r.ha ap

plot!(ih ,A1l,)ws phaue~ i and ) (described in ~ablq
1) ?,] LIa ,i*,/eil)perl ,.o,,~ulte”tly, A modular .tp

p[o.4ch ,\i4,J ,~llows pet forrnance t*st.s to he ,;OII
ill,:terl 111 na,,h ,notiu 1e , [ n *gme ways , ?II1*

approach Is similar LO the development of ~

iarqe, complex software program; the proqram 1s
divided into subroutlaac, each performing a

unique function, In addition, ●ach subro,~tine
can be tected ~cparately.

B. cmuslic~tjon

Eacauoe all the NDA instruments ,;ommunl

~’ate with rho ICC, *he communication pr~t.]co;
haa to be selected very early in the .iesiqn,

This Commurlicatlon links the Lndi,,,dual modui@$
and *he ce~tral computmr, so it is tmporta!it. to

makw C)IP link IS simple a~ possible, No ha,~e

invegti.~ated the use of DECNE’r as the commu(ilc,,f

F.LO!I :ink between the microcomputers (L)EC u 11 )

~nd *.hw ,CC. !Ae found that, DCCNCT would is!! \

subst.antld!! portion of the memory .1, ●hn :nli,f)

~’?mputs:$, ~OaViIlq vety iitt10 for Fh* !FI,ii

NDA appli,:st.lona,



to check che messaqe length and a check sum to
check the lorrqitudinal sum of the fnessaqs char-

acters. All information is transferred in ASCII

char{lcters so chat a nonintelliqent terminal can

b. used for debuqqinq. ~is fe.sture is useful

la ‘:he instruments ‘ integration and testinq

phaw!s.

c. Maator/Slss- Relationship

Thor. are six or more microcomputers re-
por:inq to the ICC (DCC VU-750) computer in
this project. Durinq tho Erojet’t’s desiqn

Phase. it is crucial to decide which computer

will b. t.ho master and initiate the cormmurica-

tioc and which will be the slave and listen to

tho communication, We decided that the micro-
com~uters should bo tho maater and the ICC
shotld be the slave for the followioq reason:

Tho microcomputer has limited memory, and most
of !:ho NDA systems arn pushiraq tha limit of the

comf~uter memory before adding the task of

iisteninq to the ICC; the ICC computer is a
much more powerful computer (VAX) and has suffi-
cio:~t memory co take on tho task of waitinq for
communications from the microcomputers. All

cofrsnunicacions are Lo b. initiated by the NDA

instrurno~ts; ●xcept wh~n ackrscwlodqinq receipt

of information or sendinq requested lnforma-

tiou, tho central computer is randy to reczivo
mess. aqes,

Seve:al suggestions have been made for bi-

directional conwnunicatlon, with the ICC and the
microcomputer both able to initiate a corrsrrunica-

tioc$ ?.his process would significantly increase

the system’s complexity with very li~tle qain in

th~ systam’s versatLILty,

111. DESXQC ~EATVEES

The design goal of this project is that the

individual instruments can b. operated in a

stand-alone mode. ThiI setup anticipates th~
sitJation in which tho ICC computor is not func-

tional) the facility still can process material
usin; manual entry, [t was also the dosiqn goal

of the project to ●nsure that the system can be

●asily maintained both from the hardware and

software points of view. Another design objec-

tive 1s that the instruments should have mess.

uremf,nt control (MC) featu:es,

A CCardware StandardIxatlon.“—.. .—. —-.

In a ~arqe project such as this one vhare

!he I\ardware cost exceeds a million dolla[s,

mtandsrdisation is crucial, Standardisation
haa sever.sl jther advantsqes such as raducing

* he number OC spare parts needed for back-up
,tnd s!mpllfyinq tha *.raLnInq or persounol in
mainttininq and operating F,he NDA Instr,une,it.s,

Hardware uompononts have been standardised as
much at p;acti;able,

Considerable effort has been devoted to tha

dotisils of hardware configuration. For exampie,

a standard B-n backplane configuration 1s ,used

throughout for all tho instruments; identical

vector and address are used for each of the de-
vices interfaced with tha computer. An example

of tho standard back plarsc layout is shown in

Tablo 11. Ano tho r *xample of the hard~are

standardisation is tha electronic components.
Fiqure 2 shows tho electronic racks for all the

NDA instruments in this project provided by the

four laboratories: thsy look identicai except

for tho loqo identifying the instrument.

B. soft-r. C~aality

From tha boqinninq of tho projact, it was
aqreod that DCC software shculd b. used because

all four laboratorica involvod had experience
writinq DCC software. A lot of time and discus-
sion have been dat’oted to the issuo of usinq RT

(Sinqle-user DZC software) vs RSX (multiuser DEC
software) . Tha RT oporatirrq ‘ystem was selected

for several reasonz: it is simpler~ it is easi-

er to writ. tho device driver for a sinqle-user

system and to qenerata the system software: and
most of the developers are more familiar with R?

softwara.

From a facility operations viewpoint, the

most important softwaro la the interface between
the individual NDA lnstrum~nts and the operators
prforminq the assay, All instruments are op-

●rated from terminals and have standardized

operatorjinstrurnoat dialoque, Foc ●xampla, the
“A’ command on on. Instrurriont will start an

asaay, as in any othor instrument; the ‘MB’

consnand will initiate ● MC bias run on any in-

strument. This standardisation reduces the com-
plexity of oporator traininq as well as pot*m-

tial cofifusion bocauso the rname op{’rater will
likely perfortfi assays on several Anstrumorsts,

The operatorllnstrvment irrternction is

based on our ●sparience with Inatalied instru-

ments at the Log Alamos Plutonium Facility.
Ower a 7-year period, ●ach instrument installed

haa featured further refinements of the opera

tor/Instrument interaction with the qoal of
developing a truly lusur-friendly system,

There is tha question of what to do w,~.h
the assay or MC data when tho ICC it not fin,<.

t.ioninq, Each of the NDA modules is ,iesl Jrled

so thqt it can archive assay results ,!nd MC

data up to 7 days (100 records each), tfi *,i,h

of the NDA systems, there are two loq files o ;\e
for asaay reauita and one Cor MC results, r!)mSe

two files serve dual purposes: they %te 13?(J

Cor archlvaI results, and they van be ,Is*d !)y
rho supervisor t.o ●xamine previoun dat,,t ft )M !h~
t.erminai, It ia assumed that the [C(J WL:I M

repaired within 1 days. Durinq t,his petl),l ,ha

assay results can be manually entered IIIrI ~110

.+ccountability computer , When ~ho [,’. .,

iepaired and >n iine aqain, the ,Ar’,.)ll,; a!i !;, ,:,,
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reqular Lnter,/ais, Lncizde a kr~as :hock, a ?rm -
Cislon check, and a background :heck, 21aqn0s -
tic checks are aiso ~nc~rper.sted, For garrsna-ray
systems, the Jiaqnosc&c ChOc KS consist 3r a
detector resolution check and zero and qaia sta-

bilizer checks. For rloutron colncidonce sys-
tem-, tho diagnostic chock would iacludo a
totals-co- accido.ltals test.

Levei 2 NC 1$ performed at th~ ICC level.
At this level, all NDA systems will have cosr-
crol charts co monitor the cronds of the blas-

check and prec~sl~.check data. [n addition,
Pago’s test for trends of the moasuremont proc-
● ss can b. porformod at the ICC. Bocauso ●ll
the inatrumonts are oo-line to tho ICC, ●very

NC run will bo archived at tho ICC, which then

cm ~~cumul~t~ realist~c performance data OG
●ach of the NDA systems, A detailed dascrip-
tioc of the MC proqram can be found in Ret. 5.

Iv. TSSTIRC

In a complex project, testinq 1s crucial.

[n this project, chreo levsl$ of testinq have
been performed: individual module, cem9nuaica-

tlOnI, and SyStOKr.

Becauae each of the NDA inscrumonta ia a

module. performance toacinq on ●ach modulo ~S

conducted at the four participatlnq lUor.sto-
riea. Each NDA instrument was costed for tne
different assay modes ( assay, backqrouad, NC
bias, and NC precision). The accuracy and the
precision of the Lnatrurnonc are costed accorrk-
inq to tho sp~cifications, The ●rchival capa-
bility of ●ach module is also e-amined, Final-
ly,

teql
phal
var

dur

● cc[

tha reliability of the module ia costed,

The uniqua phasa of this project is t.ha in-

●l staqi q, The primary purpose of this
● was to check rha convnunications becwoen
OUI computers and to verify ?he ICC software
nq cho operation of the NDA instruments, To
mpliah thla initiative, ●ll the NDA instru-

ments from all the laboratories wero snipped and

~nstalled at Los Alamoe. After ●ach inst~tumtnt
was te$tod succosafully la the stand-alone mode,
Lt waa bpouqht on-line with th~ !CC, ‘Conununlca.
?.Icn test: were thrtn performed by osercisinq
each of ChO MUA inatrumonts Ln the ,varLo,Js assay
modes montloned earlier.

Me*t, the Feed Assay Room 1n9trumonts ~plu.

t.onium solid l$dtoplcs, ,:alorimeter, and ●.he
faed ,coincidenca .:ounter) were ● serc$ sea tsqeth-

● r to ‘~erlfy ?ha? they n~u:d pro,~id~ a pl,~t~n,w
‘value for ?hO input If the process, Then, tne
sample Assay Room SAR) lnltr~ent~ ,?.urbid,.

mocer, Ionslr.ometer, K-ray fl~ore~conce, q-a
puloe-heiqht ana;ysor, .%n d h>w-3{>iutlon 3seay
~nsr.1 uncntl were ●yer,!lsed ‘Oqether , S&mpiOS

?na?. would :equlre .s pracess :nea$urenwnt &nd/or

4CCOUntAbL;1+.y meag,,rcment were routod Phrouqh

‘he SAR 5y ilfferenp, roqime ,:ode* reproatntinq
differ-:),. .4ssay se,~,~ences , r.>[ each 4ss.%y

seq,uence, ~he :om-municacLons between .-”...~.e . --

and the ac:ouatabil~cy and process :antroi :om-

puters were checked. 9oth normal and abnormal

oporacions , ICC down) were tested :0 sldmu!ate

realistic operational coaditlons, tncludinq

~oporator error.

v. cmmusxa

TIM desiqn, dovfilopment, system *2Cegra-

tion. traininq. and installation phases of the
!4DA system have boon completed; cha only remaLn-

iaq task is ths Q situ calibrscirin. In chLs

project, we havo had~o constan’:ly strive to

simplify tho system without compromising the

capability of the system. Throughout this peri-

od, a spirit of camaradario davolopod amonq the
four labor?corie:t and SRP porsoanel, Because

of this dedicated team ●ffort, this project was
succestfuliy co~npleted. Fiqure 3 shows che Los
Ai&mos team in front of soma of tho aasay sys-
tems durinq the intaqral testinq phaae.

rlq+ )! Los Alamoa team in front of some of

<ha assaf systems durinq the inteqral ?eat~nq.
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